Abstract. Today's robotized manufacturing systems are characterized by high efficiency. The emphasis is placed mainly on the simultaneous work of machines. It could manifest in many ways, where the most spectacular one is the cooperation of several robots, during work on the same detail. What's more, recently a dual-arm robots are used that could mimic the manipulative skills of human hands. As a result, it is often hard to deal with the situation, when it is necessary not only to maintain sufficient precision, but also the coordination and proper sequence of movements of individual robots' arms. The successful completion of this task depends on the individual robot control systems and their respective programmed, but also on the well-functioning communication between robot controllers. A major problem in case of cooperating robots is the possibility of collision between particular links of robots' kinematic chains. This is not a simple case, because the manufacturers of robotic systems do not disclose the details of the control algorithms, then it is hard to determine such situation. Another problem with cooperation of robots is how to inform the other units about start or completion of part of the task, so that other robots can take further actions. This paper focuses on communication between cooperating robotic units, assuming that every robot is represented by object-based model. This problem requires developing a form of communication protocol that the objects can use for collecting the information about its environment. The approach presented in the paper is not limited to the robots and could be used in a wider range, for example during modelling of the complete workcell or production line.
Introduction
Robots used in the production process getting better in implementing the activities carried out by worker. Newly designed manipulators are equipped with the pair of arms and be able to perform better in activities where the worker must use both hands. Some production lines are also equipped with multi-manipulator cells, which can perform the tasks that are beyond the capabilities of individual robot. Such cell realizes the task in a manner similar to the group of workers, so the robots should act in the way that ensures the correct accomplishment of work. The cooperation of manipulators may have a different character, but the most specific one is the collective manipulation with the same object [1] [2] [3] -the manipulators form a closed kinematic chain, analysis of which is more complicated. There are also other problems like load balancing between arms, force and position control etc. In some cases the kinematic chain may be closed for a while, but the manipulated object is motionless. It occurs when the one robot holds the object, while the other acts on it with some type of tools. Regardless of the case, the cooperation between robots requires the cooperation between its control systems. The paper will discuss some issues connected with communication between the cooperating robots. In addition to the hardware solution, which means the use of appropriate connections (network) and communication protocols, it is also necessary to provide the right solutions at the level of program development. It is essential that there should exist some forms of messages that will be interpreted in the right way by all involved systems.
The Current State of Knowledge

Industrial and computer networks, topology of networks, hardware.
The one of the fast growing areas of industrial automation is the application of the computer networks. There exist many different solutions developed by many different manufacturers. Some of the network systems are specialized in a particular field, such as networks dedicated to the transmission of signals from the sensors, intended for control the drives or communication between robotic systems. Regardless of the application and manufacturer, network systems use of certain standards. The most important of these standards is the layered OSI model (ISO/IEC 7498-1), which structure is shown in figure 1 . The networks are also characterized by topology, what is -in short -the organization of network nodes. The commonly used topologies are shown in figure 2 . Every protocol or standard is created in a way that respects the OSI model. It is important to take into consideration the fact that not every layer of OSI must be implemented.
In the case of industrial computer networks, the commonly used transmission medium is a copper wire or fiber optic. The wireless connections -although used -are not intended to connect network nodes of strategic importance, because this type of transmission is very susceptible to interferences. Wireless transmission of data is suited for less error-prone systems, like MES (Manufacturing Execution Systems) modules that collect the information about production process the PLC and save the data to the central database.
In the industrial network, a wide range of protocols are used, beginning from the simplest RS-232 protocol, through RS-485, Profibus, Ethernet, CAN etc. The type of used protocol is determined by communication requirements between network nodes (e.g. The AS-i protocol is best suited for sensors network, while the Ethernet is better for overall data communication). In the most of cases, the three basic structures can be distinguished: Master-slave, Multimaster and Ad-hoc.
The Master-slave structure is fairly widespread. It often uses the advanced properties of the PLC controllers for supervising and coordinating all the remained network devices. In the multimaster systems, every device has the same rights (for example in Ethernet or Profibus DP networks), while the ad-hoc networks are used for connecting two devices, like e.g. computer and robot controller. In such cases, the RS-232 or RS-485 standards are sufficient for this type of tasks.
The principles discussed above also apply to the networks where some of nodes are the controllers of robots. From the point of view of used physical links and protocols, the communication between the robots will occur in the same way as in the case of other automation devices.
Cooperating Robots: Communication and Programming Issues
Problems of cooperation between several robots are often referred to the mobile robotics [4, 5, 6] . The problems connected with communication medium sharing are discussed among others by Ye et al. [7] and Rybski et al. [8] . The first team examined the optimal use of communication bandwidth, while the other proposed the method of communication, developed for low-bandwidth networks. The mentioned method uses the scheduling that dynamically assigns the available resources to the robots in order to maximize the efficiency of data stream. The others publications that deals with the same problem are [9, 10] .
In the case of manipulation of the same object by more than one robot, the researchers concentrate mainly on the issues connected with kinematic chain [1] [2] [3] . The interesting discussion about selforganized group of robots is presented in [11] , where robots mimic the behavior of the swarm of ants. In turn, Miyata et al. [12] proposed the system based on central motion and task planning, in order to achieve optimal effectiveness of the swarm of robots. The robots are divided into small teams that are delegated to the specific tasks. Most of the issues concerning the cooperation between the robots are discussed in relation to mobile robots. The collaboration of typical, arm-equipped industrial robots is described in [13] . The method presented by Braun et al. refers to the group of robots that forms a workcell. The robots manipulate the same object at the time and the movement is supervised by common controller. This can provide the higher level of functionality, where all the robots, that form the workcell, could be treated as the single, "virtual" robot with several arms. In the other paper, Norman et al. [14] draw attention to an important aspect of manipulators' cooperation, which is the accuracy of movement. They proposed the so-called Indoor GPS system to control the position of each robot's arm.
As it could be seen, there is no standard approach to the problem of control of the robots that form a group and providing communication between them. At the highest level of generality it does not matter if we consider mobile robots or stationary ones, the used methods will be more or less the same, starting with the physical medium of transmission and eventually using the control algorithms for the specified group of the robots.
The Communication Between Object-Base Models of The Robots
The object-based model of the robot is the form that is not identified with particular type of a robot. It is possible to mention the brand and type in the object structure, but it is not necessary. In other words, the object-based model of robot could represent different brands and types of real robots that have similar properties (technical data, capabilities) and kinematic structure. In general, we could define the object as a set of features F (equation (1)):
where R is the set of routines (procedures, functions) and A the set of attributes. Objects will communicate with each other using the attributes and routines in order to set the appropriate attribute. In that manner we have three major ways of implementing the communication. The first one ( figure  3a) is to use the blackboard or "scratchpad", where each object can write and read data. The blackboard is represented by the memory block, which is organized in a way that is recognized by all objects (robots). For example the blackboard could store the orientation of the subject of manipulation, coordinates of robots' effectors, tools' statuses etc. This is the implementation of public data structure that is the simplest method of storing the data, however very dangerous -in the case of writing improper data into the structure, entire system could be damaged. Therefore a slightly different solution should be used (figure 3b), wherein the table is a private property of one of the objects. This object supervises the correctness of the data written into the memory, by providing the read and write routines, that are available to the other objects. These routines could be either public or inherited, depending on the structure of objects. The third possibility bases on assumption that there is no public data structure available, but every object keeps the private copy of the data and shares it with the others (figure 3c). The communication model is therefore changed, because every object updates their own data table that then could have the read-only status for others. This solution is closer to the pattern of communication between agents in agent-based model [15] , where the flow of information is regulated by sending requests to the other agents and receiving answers from them. Communication models between objects, [16, 17] .
Conclusions
The communication between objects in robotized systems is a complex problem. The main issue is the choice of appropriate hardware and communication protocols. The next step is to take into account the specific nature of the considered problem. Most of the research works describe the cases connected with mobile robotics and uses the agent-based description of the model. However many of conclusions could be also used in stationary robotics -like sharing of the communication medium, simultaneous manipulating of the same subject or planning the collision-free paths. Especially valuable is the idea of considering the management of multiple robots that form the workcell as the control of virtual, multiarm robot. The model of the robot in the form of the software object is most commonly used in all kinds of simulation programs. During performing the simulation in programs that allow advanced mathematical modeling (for example, Matlab, LabView, etc.), sometimes there is the need to deal with the representation of the object-based model in the form of source code. The methods of communication between objects that was described in this paper are only the basic solutions -they are the most universal, but not the most effective ones. On the other hand they could be implemented and elaborated in many programming environments that support procedural or object-oriented programming.
